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• EDL is very complex

• Cannot completely ”test as you fly, fly as you test”

• Strive to design EDL System and EDL V&V Program together

EDL V&V is Challenging
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Flight Dynamics

External Behavior

Environmental Interactions

End-to-End Simulation fed by validated models

Subsystems

Hardware (Unit-Software) Verification

Subsystem Verification

ATLO

Flight System

Internal Behavior

Hardware-Software Interaction

Testbeds, ATLO

Mission System

Operations

Teams, Processes, Tools

ORTs, EDL Communications

Atmosphere Models

Terrain Models

Spacecraft Models

Spacecraft

EDL V&V is very complex and having domains allow us to decompose the problem
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Increasing Command and Response Fidelity

EDL/GNC FSW EDL/GNC FSW

+Rest of FSW
EDL/GNC FSW

+Rest of FSW

+Flight HW

EDL/GNC FSW

+Rest of FSW

+EM HW

EDL/GNC FSW 

EDL/GNC FSW

It is easier to manage decoupled venues



Mars 2020 Project

Jet Propulsion Laboratory
California Institute of TechnologyEDL V&V Structure

5

EDL Event Tree EDL FDDs & Requirements

EDL Functional 

Certifications (EFCs)
EDL Test Procedures

Project Levels 1 & 2 

Requirements

Closed

?

Additional Work

Residual Risk

EDL Risk Review

Verification Activities

- Subsystem/System Testing

- Hardware/Software Delivery

- ATLO/MSTB/WSTS testing

- Analysis (POST, ADAMS, etc.)

Blue items are tracked in 

DOORS Next Generation (DNG)

EDL Design

no

yes
Legend

EFC V&V World EDL FS V&V World         .

Requirements are not enough to V&V the EDL System.
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• Hierarchical method of enumerating all conditions and events that must 

be successfully executed to ensure EDL success

• Activities required to satisfy the nodes of the success tree are a superset 

of those that appear in a requirements-based V&V matrix

• All EDL requirements are mapped to Event Tree elements; not all 

elements can be associated with requirements

EDL Event Tree
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[1] Richard Kornfeld. et al.

Every segment has tests/analyses that are incorporated into the simulations
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[1] Richard Kornfeld. et al.

Independent validation is achieved using another simulation or analysis, where applicable



Mars 2020 Project

Jet Propulsion Laboratory
California Institute of TechnologySubsystem

9Serves as lower-level V&V for EDL functions and model validation for simulations
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Flight activities leading up to EDL are executed in a short timeline, so the associated 

personnel, processes, and tools need to be exercised
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There is more time to execute the Mars 2020 EDL V&V Program (compared to MSL), 

but it is being executed with a smaller team.
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All essential components of Mars 2020 EDL V&V will be completed before launch in 2020, 

with additional flight software and operations testing extending until landing in 2021.


